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Electrodes fabrication
For the preparation of the reference electrodes, porous Vycor ® was initially used as a bridge for the fabrication of the reference electrodes. Since its shortage on the market, it was successfully replaced by porous silica gel spheres, typically used for desiccation. Type II silica gel of 3.5 mm bead size (Aldrich, catalog n. S7500-1KG) was first soaked in pure acetone for an hour. Acetone was removed and replaced by water. After 24 hours the water solution was replaced by saturated KCl solution and the solution renewed each day for 3 consecutive days. The spheres can be stored under saturated KCl solution for months and are ready to use. Direct addition of water to the dry spheres will cause them to break.
Ag/AgCl reference electrodes were built using a 4 mm external diameter glass tube with an inner diameter of 3 mm. The desired length was cut and the tips heated briefly with an Oxygen / Propane burner. A pure silver wire (0.5 mm diameter, 99.9 %, Aldrich) was wound around a 0.5 mm supporting copper wire to yield a silver coil. The silver coil was transferred to a branch of a U-shape glass tube filled with 6.0 M HCl. The silver wire was connected to the positive pole of a laboratory power supply and the negative pole was connected to a small platinum wire on the other branch of the U-tube. A constant current of 3 mA was applied during 30 minutes to oxidize the surface of the silver to silver chloride. A previously prepared silica gel sphere filled with saturated KCl solution was fixed to the tip of the glass tube using a transparent heat-shrink polyolefin tube by heating it inside a boiling solution of saturated aqueous KCl. The tube was filled with saturated KCl/AgCl mixture and the coiled silver wire added. The top of the tube was sealed with hot glue to ensure no leaks or evaporation of the filling solution. The electrode was kept immersed in saturated aqueous KCl when not in use. The potential of the reference electrodes was periodically checked using a standard reference electrode from Metrohm. To verify the potential of the electrode, both electrodes were dipped into concentrated KCl solution, and the potential difference between them measured using a high precision digital voltmeter (Fluke 87V). If the difference between the electrodes was bigger than 5 mV the home-made electrode was discarded and a new electrode was built.
Synthesis of MoS 3 particles
Two methodologies were developed for the synthesis of MoS 3 , the latter being improved for the preparation of colloidal dispersions.
S4
Method I:
In a typical procedure, molybdenum trioxide (1.0 g, 6.95 mmol) was added to an aqueous solution of sodium sulfide (8.34g, 34.74 mmol of Na 2 S·9H 2 O in 250 mL of water) to form a light yellow solution. This solution was kept under vigorous stirring while 6.0 M aqueous HCl was added slowly ( 10 minutes) until the solution reached the pH of 4. At first darkening of the solution was observed; close to the end of the addition, a large amount of gaseous H 2 S was produced. After addition of acid, the solution was boiled for 30 minutes to remove the H 2 S present in solution and to improve the filtration step. After being cooled to ambient temperature, the solution was filtered under vacuum and washed with a copious amount of water and then ethanol. The dark paste obtained was oven dried for 12 hours at 80 ºC to yield a black vitreous solid that could be powdered with the aid of a mortar.
Method II:
Since this method is more adapted for the preparation of MoS 3 sols, the quantities used for the synthesis were reduced. In a typical procedure, MoO 3 (250 mg, 1.74 mmol) was added to a hot solution of sodium sulfide (2.09g, 8.68 mmol of Na 2 S·9H 2 O in 25 mL of water) to form a light yellow solution. This solution was kept under vigorous stirring while acetic acid (1.10 g, 18.32 mmol dissolved in 10mL of water) was added dropwise. The color of the solution intensifies passing from bright yellow to deep orange. At the end of the addition of acetic acid, the dark solution was left stirring for 5 minutes. Aqueous HCl (15 mL, 2.5 M) was added at once causing evolution of H 2 S and formation of a brown solid. The solution was left stirring for further 10 minutes and centrifuged at 5500 rpm for 5 minutes.
The pellet was washed 2 times with pure deionized water being centrifuged at 5500 rpm for 5 minutes after each washing step, and another 2 times being centrifuged at 5500 rpm for 20 minutes. The solid suspends easily in neutral water, which is the reason for the longer centrifugation times in the last washing steps.
The wet pellet was suspended in isopropanol by sonication and transferred to a volumetric flask with a total volume of 250 mL. The concentration of this stock solution of 
Synthesis of MoS x species by reduction with NaBH 4
A solution of (NH 4 ) 2 MoS 4 (250 mg, 0.96 mmol dissolved in 50 mL of water) was freshly prepared and filtered through a Nylon membrane filter (0.22 m) to remove the insoluble MoS 3 particles present in the solution. The clear red solution was left stirring while NaBH 4 (100 mg, 2.64 mmol dissolved in 3 mL of water) was added at once. The solution becomes immediately dark with slow evolution of gas. The mixture was left stirring for 10 minutes and brought to boil. A large amount of black precipitate was formed and then, 1.0 mL of acetic acid was added to quench the excess of NaBH 4 . The solution was centrifuged at 5500 rpm for 5 minutes and washed 4 times with water following the same centrifugation method. After washing the wet pellet was suspended in isopropanol by sonication and transferred to a volumetric flask with a total volume of 100 mL. The concentration of this stock solution of MoS x was determined by ICP-OES to be 0. 
Preparation of MoS 3 modified glassy carbon electrodes by spray casting
The glassy carbon electrodes were cleaned and polished as described above. 10 μL of MoS 3 sol in EtOH (various concentrations), were spray cast on a glassy carbon electrode with an airbrush. Previous to spray cast, the suspensions were sonicated for several minutes to ensure a homogeneous deposition.
ICP-OES measurements
The molybdenum content of colloidal dispersions was determined by ICP-OES. In a typical procedure, 1.000 mL of the colloidal dispersion was taken using a micropipette (air displacement pipette) and transferred to a 30 mL vial. Since the colloidal dispersions are in isopropanol, the reverse pipette method was used. Samples were analyzed in triplicate.
The isopropanol was removed by placing the vials on top of a plate heated to 50 ºC. A small flow of nitrogen was blow on top of the vials to accelerate the evaporation of the solvent. Once dry, 1.0 mL of hot aqua regia was added to the vials and the solid dissolved.
For samples containing Vulcan ® , the carbon component was not soluble and was removed by filtering through a 0.22 m Nylon membrane prior to ICP analysis.
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EIS data processing
EIS data was fitted using ZView software with the equivalent circuits shown in Figure   4 . For the transmission line model (Figure 3) , the extended element "Bisquert#2" was used.
The transmission line model consists of three impedances representing the electronic transport in the solid phase, the ionic transport in the electrolyte and the electrochemical recombination. Each impedance consists on a parallel combination of a resistance and a CPE.
For our systems, the impedance due to ionic transport was approximated to zero since the low frequency domain of the Nyquist plots are dominated by the recombination. R sol and R ct represent respectively the solution and recombination resistances. R 2 and CPE 2 represent an additional impedance necessary for a proper fitting which originates from the contact impedance between the electrocatalyst and the glassy carbon electrode. Figure S7 whereas it is present, albeit very small, in Figure 5 . Therefore, a 2CPE instead of transmission line model is used to fit the impedance data. Figure S8 . A 2CPE equivalent circuit. CPE and R ct represent the charge transfer reaction; R 2 and CPE 2 represent the contact between the electrode and the catalyst layer.
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